INTRODUCTION
P rostate cancer cells are dependent on intratumoral androgens for survival, growth, and proliferation. 1 For this reason, treatments that reduce the effects of androgens on the prostate, such as enzalutamide and leuprolide, are commonly used to treat prostate cancer and slow disease progression. 1 Serum free testosterone and prostate-specific antigen (PSA) are often monitored to determine the effectiveness of such treatment. 1, 2 Enzalutamide is a pure androgen receptor signalling inhibitor that is effective for the treatment of metastatic castration-resistant prostate cancer (MCRPC).
3, 4 Enzalutamide is a major substrate of hepatic cytochrome P450 2C8 and 3A4 isozymes (CYP2C8 and CYP3A4), and is commonly subject to pharmacokinetic interactions, which could reduce its effectiveness by changing levels of the drug or active metabolites. [5] [6] [7] Loss of enzalutamide effectiveness could be indicated by a resultant increase in PSA. Because one goal of treating MCRPC is to reduce serum free testosterone to castrate levels, it is also not in the patient's best interest to use products that increase testosterone levels.
To the authors' knowledge, there have been no case reports documenting interactions among enzalutamide, leuprolide, and complementary and alternative medications (CAMs). CAMs are commonly used by patients with cancer and are often perceived to be free from adverse reactions or interactions, a perception that contributes to lack of disclosure of CAM use to health care professionals. 6, 8, 9 The lack of disclosure can minimize investigation of adverse effects or interactions associated with CAM use, ultimately endangering patient health. This case report documents outcomes of concurrent use of CAMs, enzalutamide, and leuprolide in a patient with MCRPC.
CASE REPORT
At the end of May 2017, a middle-aged man (in his late 50s) presented with a 3-year history of metastatic adenocarcinoma of the prostate with left sacral and acetabular involvement.* His disease was stable, and he was otherwise healthy. Since the cancer diagnosis, he had experienced intermittent back pain, abdominal pain secondary to shingles (early May 2017; resolved before current presentation), intermittent hematuria, and nocturia. No other significant symptoms were documented beyond May 2017.
At the time of presentation, the patient's treatment regimen consisted of the following medications: leuprolide 22.5 mg IM every 3 months (since August 11, 2016) , denosumab 120 mg SC every 4 weeks (since January 8, 2016), and enzalutamide 160 mg PO daily (since January 18, 2016) to which he appeared to be adherent. Previously, he had also received degarelix 80 mg SC every 4 weeks (December 28, 2015, to July 13, 2016) and palliative radiotherapy to the left hip and sacroiliac joint.
The patient was seen in late May 2017 in follow-up for rising serum free testosterone and PSA, despite continued androgen deprivation therapy with enzalutamide and leuprolide. From October 20, 2016, to January 13, 2017, serum free testosterone had remained near castrate levels, whereas PSA had risen steadily from 6.67 µg/L to 8.70 µg/L (normal range 0-4.0 µg/L). By March 14, 2017, serum free testosterone and PSA had risen to 0.97 nmol/L and 12.16 µg/L, respectively (Table 1) .
During the appointment in May 2017, it was discovered that the patient was using multiple CAMs. At that time, his oncologist instructed him not to take any testosteronecontaining products. At the oncologist's request, pharmacy staff met with the patient to discuss the CAMs and agreed to conduct research on each product being used and to offer a recommendation to be discussed in a follow-up interview. During the course of this research, the patient discontinued all CAMs and continued androgen deprivation therapy as prescribed by his oncologist.
Most of the CAMs being used by the patient were oral products containing numerous herbal ingredients (listed without quantities) that were extemporaneously compounded and dispensed by an alternative medicine practitioner. Seven products were also described by the patient as homeopathic. After analyzing each container, it was determined that the patient was taking 119 CAMs in total ( Table 2) .
Enzalutamide and leuprolide were initially considered as potential sources of interactions with the CAMs. However, leuprolide is not metabolized by cytochrome P450 enzymes and has low protein binding, so interactions with this drug are not expected and were not investigated further. A literature search of Ovid MEDLINE, Embase, PubMed, and Google Scholar from inception to August 2017 using the search terms "enzalutamide" and "herb" revealed no case reports or pharmacokinetic studies of concurrent use of the CAMs identified in this case and enzalutamide. However, multiple studies were found confirming changes in enzalutamide concentration when used concurrently with known CYP2C8 and CYP3A4 inducers and inhibitors, which alludes to the potential of CAMs with similar metabolism to cause clinically significant drug interactions. 7, 10, 11 A review of various drug interaction resources, including the Natural Medicines database, the Lexicomp Interactions database, and Stockley's Drug Interactions, revealed possible interactions between 17 of the CAMs and enzalutamide, with differing levels of evidence. The interactants identified were activated charcoal, Aloe, black walnut, garlic, goldenseal, licorice, Echinacea, cat's claw, Boswellia, Gingko biloba, Rhodiola, Berberis vulgaris, milk thistle, guggul, sage, Turkish rhubarb, and Panax ginseng. [12] [13] [14] These interactions are mediated primarily by the CYP3A4 isozyme; however, there are some exceptions, such as activated charcoal, which may reduce or prevent drug absorption (Table 3) . 12 Agents that may negatively affect disease control by increasing testosterone were also identified, including ginger, chondroitin, licorice, Tribulus terrestris, clove, and Panax ginseng. 12 Furthermore, both arsenic trioxide and leuprolide carry a risk of causing QTc prolongation (highest risk and moderate risk categories, respectively), and together they have an additive risk of QTc prolongation. 13 On the basis of these findings, it was recommended that the patient discontinue all products that might negatively affect disease control by potentially interacting with enzalutamide or increasing serum testosterone. Several products with no evidence of a drug interaction or testosterone-augmenting effect were also discontinued, because they were formulated in combination with the agents listed in Table 3 . This left only a short list of products to be continued (Box 1). The rationale for continuing these products included indications for bone health, lack of drug interactions or testosterone-augmenting effect, and patient preference.
Bloodwork on August 8, 2017, following discontinuation of CAMs for at least 28 days, revealed serum free testosterone returning to near-castrate levels, whereas PSA had risen to 22.64 µg/L. On the same date, his creatinine clearance was 108 mL/min (Cockcroft-Gault equation), and the results of liver function tests were normal. At this time, the patient reported musculoskeletal pain, which resolved on its own. On both August 21 and October 13, the patient claimed to be asymptomatic, although the trend of rising PSA continued, reaching a peak of 35.1 µg/L; testosterone remained near castrate levels. No computed tomography (CT) was performed between CAM discontinuation in May 2017 and the time of writing (late 2017). On October 13, the patient declined further CT and communicated his decision to discontinue all therapies. The patient discontinued enzalutamide about 1 week before his appointment on August 21, 2017. Table 2 . List of Ingredients in Patient's Herbal/Alternative Medications* DHA = docosahexaenoic acid, EPA = eicosapentaenoic acid. *Ingredient names, listed alphabetically, are reported here as they appeared on product labels provided by the patient. It was not possible to verify all of the ingredients directly, so the notation "sic" indicates names that are (or may be) spelled incorrectly. Some product labels listed scientific names (e.g., genus names of plants), whereas others used common names; if the scientific and common names for the same plant appeared on different labels, both are presented. 
DISCUSSION
CAMs are widely used by patients with cancer, and their popularity is increasing worldwide. 6, 9, 15, 16 The public generally considers these agents to be safe and nontoxic, which means that potentially modifying effects on chemotherapy or other cancer treatment are often overlooked. 6, 16 Herbal supplements may compromise the therapeutic efficacy or safety profile of chemotherapy by interacting with the pharmacokinetics of anticancer drugs. 6, 16 Additionally, CAMs often lack premarket demonstration of safety and efficacy, quality control in manufacturing and labelling, and disclosure of usage to health care professionals, all of which contribute to the unpredictability of interactions between CAMs and cancer therapies. 7, 9, 16 In the case reported here, elevation of serum free testosterone and PSA after initiation of several CAMs was observed in a patient who had been previously stable on androgen deprivation therapy. The probability of a drug interaction was assessed using the Drug Interaction Probability Scale (DIPS), a tool for evaluating the potential of a drug interaction in 
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This single copy is for your personal, non-commercial use only. For permission to reprint multiple copies or to order presentation-ready copies for distribution, contact CJHP at publications@cshp.ca patients. 17 The DIPS consists of 10 questions about potential drug interactions, with the results being used to estimate the probability of an interaction (Table 4) . In this case, the calculated DIPS score was 5, which suggested a probable drug interaction between enzalutamide and the CAMs that the patient was using. 17 Notably, the DIPS tool was created to predict the probability of an interaction between 2 drugs, and as such there are limitations to its use in this case; however, no tool evaluating drug interactions among multiple agents (including CAMs) was found.
This case report has several limitations. First, the study was limited by its reliance on subjective information provided by the patient. Also, although serum free testosterone returned to near-castrate levels upon discontinuation of CAMs, the PSA continued to rise. PSA lacks specificity and may increase for reasons other than prostate cancer, such as infection, inflammation, and benign prostate hyperplasia, 18 which effectively does not rule out the possibility of CAM-drug interactions; however, to the authors' knowledge, the patient did not have any of these conditions. Finally, the large number of CAMs used, the lack of information about doses, the potential for multiple interactions, and the lack of good-quality evidence confirming interactions between CAMs and enzalutamide made it difficult to confirm whether the CAMs had caused clinically significant interactions. Many of the interactions identified were theoretical or based on in vitro evidence, which often does not translate to clinical significance. 6 
CONCLUSION
CAM usage among cancer patients is growing increasingly popular. CAMs are commonly perceived to be nontoxic, leading to a lack of disclosure. For health care professionals, it is important to identify CAM usage when obtaining patients' medication history and to educate patients about the risks of using CAMs concurrently with cancer therapies. Providing appropriate education can be difficult, as there is little clinical evidence outlining interactions between CAMs and cancer therapies. For this reason, when health care professionals are making recommendations, they commonly rely upon in vitro data and the theoretical risk based on mechanisms of action. Because many patients using CAMs strongly believe in the benefits of these agents, pharmacists recommending discontinuation of such products on the basis of weak evidence risk losing the patient's trust and must be careful to present objective, balanced information. Further study identifying and measuring the significance of interactions among CAMs, enzalutamide, and other cancer therapies is needed.
